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CHAPTER 1
INTRODUCTION
The state of Montana is currently faced with a weed
problem of great magnitude.

Weeds have infested at least 4.6

million acres across the state

(Aderhold,

1964),

and 35 of

the 56 counties identify control of weeds as a major problem
(Cade,

1980a).

On uncultivated land,

two species are

particularly troublesome: spotted knapweed
maculosa)

and leafy spurge

(Qggtaurea

(Euphorbia esula). Spotted

knapweed is now found in every countv 4.n Montana,
million acres

(French and Lacey,

1983),

found on an estimated 550,000 acres

while leafy spurge is

(Lacey et a l . , 1985).

a result of weed occurrence on rangeland,
significant.

on over 2

As

economic loss is

Spotted knapweed has been shown to reduce

forage production by 63S,

which represents an annual

livestock income loss of *4.5 million in Montana on 2 million
acres

(French and Lacey,

1983).

Each year,

leafy spurge

costs the cattle industry in Montana approximately $1.4
million as a result of lost forage production,
million for chemical control

and $2.5

(Reilly and Kaufmann,

1979).

Market value of rangeland also decreases as a result of weed
infest at ions

(Maddox, 1979).

Both spotted knapweed and leafy spurge are considered
"exotic" plants,
Mulligan,

originating in Europe

1970) and Eurasia

(Croizat,

(Frankton and
1945),

respectively.
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Spotted knapweed was first recorded at Victoria,
Columbia,

British

in 1893, and was reported in Klitekat County,

Washington,

in 1907

(Strang et al.,

1979).

In Montana,

spotted knapweed was first collected in Ravalli County in the
mid— 1920s,

spreading to several more counties in western and

central Montana by 1980 (French and Lacey,

1983)

(Figure 1).

The presence of leafy spurge in the United States was first
recorded in Massachusetts in 1827,

was not reported from any

other site until

1876 when it was collected in New York state

(Britton,

and in 1881 was reported in Michigan

1979).

1921),

In 1933,

Hanson and Rudd reported that

(Dunn,

leafy spurge

had spread west across the northern Great Plains into
Montana.

By the 1970s,

concentrated in Montana

it had become established and
(Dunn,

1979; Lacey et al.,

1 9 8 5 ) (Figures 2, 3 and 4).
Spotted knapweed
a normal

is a short-lived perennial plant,

life cycle of 2 to 5 years

Extension Service,
early spring,

1984).

(Montana Cooperative

Seeds germinate in the fall or

developing into rosettes,

develop in July and August.

with

and pink flowerheads

Rosettes also develop

vegetat ively from horizontal shoots just beneath the soil
surface

(Watson and Renney,

1974).

The density of spotteel

knapweed stands varies from single plants to oyer 400 plants
per square meter,
s ^ a r e meter

with production of up to 40,000 seeds per

(Watson and Renney,

1974).

Seeds are projected

up to one meter from the flower stem of the parent plant
2
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spotted Knapweed

1920

1940

1980

FIGURE 1 . The spread of spotted knapweed in Montana (French
and Lacey, 1983).
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FIGURE 2 . Pockets of
leafy spurge in 1933
(Hanson and Rudd, 1933).

FIGURE 3 . Leafy spurge
in 1970, with highest
concentrations in the
Dakotas and surrounding
areas (Reed and Hughes,
1970).

FIGURE 4 . Leafy spurge
in 1979, with approxi
mately 90% found in a
1,200 mile diameter circle
centered near Wolf Point,
Montana (Adapted from
Lacey et al., 1985).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

(Strang et al., 1979).

They are dispersed by wind,

water,

and attachment to passing animals and vehicles.
Leafy spurge is a long-lived perennial
propagates by means of seeds and roots,

plant that

with seeds forcibly

discharged up to at least 13 feet from the parent plant
(Hanson and Rudd,

1933).

The persistence of this weed is

usually attributed to its roots,
deep into the soil,

which may penetrate 15 feet

with vegetative buds developing on the

roots up to a depth of 10 feet

(Bakke,

1936).

studies of leafy spurge in Saskatchewan,
(1962)

In field

S e 1leek et al.

found that the first shoots to rise from the ground in

spring are from underground buds,

and that greenish-yellow

flowerheads appear on the shoots within a month.
those studies,
spring.

According to

the majority of the seeds germinated in

Although some seedlings became established close

to the parent plants,

the seedlings*

primary role was

described as the creation of new patches beyond the periphery
of established patches.

As with spotted knapweed,

of leafy spurge are dispersed by wind,

water,

the seeds

animals,

and

human activities.
Weeds tend to readily colonize disturbed,

bare soil;

spotted knapweed and leafy spurge are not exceptions.

The^

are both commonly found along road and railway rights-of-way.
and on rangeland which is considered to be overgrazed
and Renney,
(1974)

1974 ;

Selleck et al., 1962).

(Watson

Watson and Renney

found a positive correlation between degree of soil
5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

disturbance and the plant density of knapweeds.

They

described the rapid establishment of knapweeds as plant cover
on bare soil,
early,

with maximal root growth occurring in the

seed 1ing-rosette stage.

The root system of leafy

spurge seedlings also develops rapidly.
(1933)

Hanson and Rudd

found that 2 months after the first

leaves appeared,

the roots of some leafy spurge seedlings with stems 5 inches
tall had penetrated to a depth of 24 inches.
Both spotted knapweed and leafy spurge are able to
inhibit germination and growth of other species of plants.
This effect,

called allelopathy,

allows these weeds to

establish themselves to the exclusion of some other plants.
A1lelochemieals produced by the weeds are introduced to the
surrounding soil through plant litter,
(1963)

Fletcher and Renney

isolated an inhibitory substance in spotted knapweed,

with the highest concentrât ions in the leaves.

It has ^ i n c e

been found that the inhibitory substance is produced in the
leaves of spotted knapweed
Kelsey,

Univ. Montana).

(personal communicat ion,

Steenhagen and Zimdahl

demonstrated that when leafy spurge leaves,

R.

(1979)

roots,

or litter

were introduced into the soil of tomatoes and crabgrass,
growth of those plants was inhibited.
Figures 2, 3 and 4 show the spread of leafy spurge from
the East Coast to the northern Great Plains,
variety of habitats in which it grows,

indicating the

as well as its current
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concentrât ion in rangeland areas of the Northern Plains.
Spotted knapweed also grows readily und^er _a_brgaGL range _of
env ironmentai-cond it ions
western Montana,
tops

(Baker,

(Wat son and Renney,

1974).

In

it is found from valley floors to mountain

1980).

But,

1 ike leafy spurge it finds^ e m i a r i d

rangeland an especially favorable habitat,

and is now

considered Montana’s most serious rangeland weed problem
(Baker,

1980 ;

French and Lacey,

1983).

It has been

estimated that from its discovery in the 1920s to 1983,
spotted knapweed has spread at a rate of 27.4 percent per
year

(Lacey,

1983).

Based on edaphic and climatic

characteristics where it is now found in Montana.

Chicoine

(1984) estimates that 50 percent of the state’s total
cover is threatened bv s potted knapweed

(Figure 5).

land
It was

later estimated that nearly 34 million acres of range and
grazeable woodland in Montana is vulnerable to spotted
knapweed,

representing a potential 26 percent

m ill ion) reduction in range TT^estock income,
result from loss of range forage
Extension Service,

($155.7
which could

(Montana Cooperative

1984).
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FIGURE 5 . Areas of Montana where climatic and edaphic characteristics indicate
a high probability of spotted knapweed growth; Based on 116 selected sites where
knapweed currently grows (Chicoine, 1964).

CHAPTER 2
WEED CONTROL LEGISLATION

Responsibility for weed control

in Montana has been

given to individual counties in accordance with the County
Weed Control Act

(Montana Code Annotated,

1979),

which

requires that each county establish a weed control program.
County commissioners appoint a weed board of 3 or 5 members
(supervisors) who determine the nature of the program for the
county,

and the extent of the effort for its imp1ementation.

In making these decisions,

the board of supervisors often

relys on advice from its local Cooperative Extension Service
and Soil Conservation Service.

It is stated in the Act that,

"The board shall provide for the management of noxious weeds
on all land or rights-of-way owned or controlled by a county
or municipality within the confines of the district.

It

shall take particular precautions while managing the noxious
weeds to preserve beneficial vegetation and wildlife habitat.
Where at all possible,
cultural,

chemical,

control materials,
such chemicals,

methods for such control shall

and biological methods. "

include

In regard to

it states that the board "may purchase

materials,

and equipment and pay other

operational costs as it determines necessary for implementing
an effective weed management program.
paid from the noxious weed fund."

Such costs must be

Sources of money for the

noxious weed fund are the general fund of the county,
9
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and a

tax levy not exceeding 2 mills,

unless a greater tax is

authorized by a majority of the qualified electors.
Part ici pat ion in weed control efforts has intensified at
the state level,

in response to a perceived need for greater

coordination and cooperation among counties and individuals,
accompanied by requests for more state funding.

During the

1985 Montana Legislative Session at least nine weed control
bills were proposed,
funding schemes.

representing alternative management and

Two bills which became laws were an act

establishing a Noxious Weed Management Trust Fund

(WTF) and

an act appropriâting money to the Department of Natural
Resources and Conservation

(DNRC)

grant proposals for weed control.

for funding top-ranked
The major source of

funding for both of these actions is the Resource Indemnity
Trust Fund

(RIT), collected from the state’s severance tax on

mineral production,

to provide security against

loss or

damage from extraction of non-renewable natural resources
within the state.

With initiation in the 1983 Legislature,

interim legislative committees proposed that a portion

(64%)

of the interest income from the RIT be used for a reclamation
and conservât ion program,

and speculated that

it would

provide approximately $8.6 million during the 1986— 1987
biennium for specific projects

(Montana,

DNRC,

1985).

The

established program is called the Montana Legacy Program,
its purpose,

according to DNRC

(1985),

and

is to "fund projects

10
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that would promote natural—resource— based economic
development,

protecting existing natural resources through

conservât ion,

and protect Montana’s environment through

research that assesses damage from natural resource
development."

The WTF will be established with $500,000 from

a $1 million grant to the Dept,

of Agriculture from the DNRC

(Montana,

1985; Montana,

Dept. of Agriculture,

Legislature,

House Bill 922,

1985),

49th

with fiscal support from

a 1 percent surcharge on the retail value of all registered
herbicides sold for consumer use in the state
Legislature,

House Bill 506,

1985).

(Montana,

49th

Another $500,000 will be

used to fund the top— ranked weed proposals submitted to the
DNRC

(Montana,

Dept,

of Agriculture,

1985).

managed by the Dept,

of Agriculture,

which will also review

DNRC grant prop»osal rankings.

The WTF will be

The new legislation also

provides for the creation of the new position of state weed
coordinator in the Dept,

of Agriculture.

A variety of organizat ions which are particularly
concerned about weeds provided an abundance of testimony in
the 1985 Legislature.
others,

These organizations included,

the Agricultural Preservation Association,

Agricultural Business Association,
Association,

individual

legislators,

board supervisors,

U.S.

Montana

Montana Cattleman’s

Montana Stock Growers Association,

Montana Weed Control Association.

among

and the

Also involved were

county commissioners,

county weed

Forest Service personnel,
11
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and

individuals expressing personal situations and concerns.
While nearly all concerned organizations and individuals
favored additional funding for a variety of weed control
efforts,

there was considerable variation among ideas for

source money.

At the hearing of the Weed Trust Fund bill,

concerns were expressed regarding the fact that the proposed
herbicide surcharge would add to the high cost of herbicides,
penalizing those who are already expending money and effort
on the problem.
Adequate revenue from the surcharge on herbicides in
fiscal support of the WFT is dependent on large volume sales
and use of herbicides.

The increasing use of herbicides

statewide and nationwide is a trend that appears likely to
continue.

Herbicides are commonly recognized as the most

effective quick control of weeds.
as the most expensive option,
environmenta1 risk.

They are also recognized

as well as posing the greatest

But the uninhibited spread of weeds is

viewed by most ranchers as an even greater risk.

This

frustrating predicament of repeatedly chasing economydestroying weeds with economy— destroying herbicides is
expressed by many Montana ranchers,

some feeling that the

cost of herbicides is more than their land is worth,

and that

market prices for their livestock would have to increase to
support
(Cade,

increasing costs of and investment
1980b; Cade,

1982; Reilly,

in herbicides

1984).

12
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CHAPTER 3
PUBLIC PROGRAMS AND RESEARCH FOR WEED CONTROL

There is increasing emphasis in the state on
cooperation,
weeds.

education,

and research in the struggle with

The Montana Weed Control Association,

of weed control districts,

an association

has been reorganized in order to

expand activities and involvement

(Aderhold,

1984);

It

strongly supported legislation which proposed increased
coordination and planning of weed control efforts around the
state

(Montana,

1985).

49th Legislature,

Hearing on House Bill 659,

Two examples of education programs are the "Spotted

Knapweed Awareness Program" of the Plant and Soil Science
Department of Montana State University

(Lacey and Fay,

1984),

and the "Missoula County Pest Management Education Program"
(French,

1984).

Both programs emphasize increasing the

public's awareness of weed ident ificat ion and biology,
effectiveness of control methods,
of information,

plus

through the disséminât ion

field demonstrat ions,

field tours,

workshops,

etc..
Montana State University is building a new $4.6 million
greenhouse to enhance its weed control research program,
which inludes herbicide studies.

Research on biological

control with insects is continuing at the Montana
Agricultural Experiment Station,
program was established in 1976-

Corvallis,

where a full-time

Story and Nowierski

13
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(1984)

describe the work of the Experiment Station with two kinds of
g a l 1 flies native to Eurasia,

which specifically lay their

eggs in the flowerheads of spotted knapweed and its relative,
diffuse knapweed
galls

(Centaurea d iffus a ) ; the larvae then form

(abnormal growths)

in the flowerheads,

causing a

reduction in seed production of these two knapweeds.
Releases of one of the flies
1973,

and again in 1977,

(Urophgra affinis) in Montana in

were each followed by 4—year studies

of increase and dispersal.

The studies show that the fly can

disperse to a radius of at least 5 miles in 4 years,

with

infestations of 63 to 99 percent of knapweed seed heads.
addition to the research of gall flies,

In

the Experiment

Station is studying both a moth that feeds on the florettes
and seeds of spotted knapweed,

and two root mining moths that

feed in the roots of spotted and diffuse knapweed rosettes.
Story

(1963)

points out that biological control with insects

involves the stress of weed populations through reduced seed
production,

reduced biomass,

is a long— term,

altered plant growth,

complex process,

etc..

It

requiring an average of four

insect species per weed species to achieve adequate reduction
of weed density over several years.

But biological control

offers a greater degree of environmental safety and economy
than does chemical control.
Story

(1961) states that : "Regardless of the control

method used, we are only treating symptoms,

not causes of the

14
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weed problem; and eradication of weeds is not a logical goal.
Realizing,
weeds,

therefore,

that we will probably always have

it becomes obvious that a long—term program involving

biological,

chemical and other control methods,

improved land management practices,

together with

is necessary."

That

philosophy of weed control deserves considérât ion. There seem
to be two key elements which haven’t been adequately
investigated,

in light of the increasing weed problem: the

c a uses of the weed problem,
Improved land management
management)

and improved land management .

(in this case,

sound range

is often cited as one of several potential

measures for preventing the spread of weeds.

Other

preventive measures which are often listed are:

1.) An

awareness and consequent reduction of the spread of weed
seeds via clothing,

vehicles,

transport of grains,

e t c . ; and,

2.) spraying small patches of weeds with herbicides before
they develop into large, dense stands.

These latter two

measures

are easy to understand.

However,

the concept of

improved

land management is not as easily understood,

and has

been related to many different types of land management
act ivit ies.
The
began in

drastic changes in land use and condition which
the latter part of the last century,

the present,

and continue

were ecological disturbances which must be

considered a major cause of the current weed problem.

A

review of the history of one type of ecological disturbance
15
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to

(i.e.,

improper grazing) may offer insight for understand ing

some causes of the weed problem.

This understanding could

stimulate new directions in land management that may offer
some relief from the rapid spread of rangeland weeds such as
spotted knapweed and leafy spurge.

16
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CHAPTER 4
GRASSLAND HISTORY

Fossils of grasses and the bones of grazing animals are
buried

in the Great Plains of North America,

dated up to 25 million years old
1977).
soil,

(Coupland,

and have been
1958 ; Gold in,

Grasses evolved in response to changes in climate and
but they were also intimately linked with the animals

that grazed them

(Goldin,

1977; W a 11on 1983; Williams,

Although a variety of grazing animals
antelope,

1961).

(e.g., mammoth,

deer) evolved with the grasslands,

the presence of

bison on the Great Plains has special ecological significance
as a result of their predominance in that ecosystem,
by their rapid disappearance.

followed

The oldest and largest

prehistoric bison in the American West have been dated by
fossil to 200,000 years or more.

But the smaller,

more agile

ancestors of North American bison are believed to have
crossed a land bridge from Asia to North America about 40,000
years ago

(Haines,

1970).

Ernest Thompson Seton

(1927) estimated that prior to

their rapid reduction the bison population of the plains,
prairies,

and forest areas of those regions in the western

United States was no less than 60 million.

He also

estimated,

with information from the personal account of

Colonel R.

I. Dodge,

4 million.

that an individual herd size could reach

Early explorers recounted many observations of
17
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bison herds as occurring in "incredible numbers," and "as
far as the eye could s e e , " etc.

(Seton,

1927).

Lewis and

C lark’s diaries include entries of bison observations which
indicate large herds on the plains of the Dakotas and Montana
(Burroughs,

1961,

pp.147-148):

(Sept.17,1804; Near mouth of the White River)
This scenery already rich, pleasing and beau
tiful was still further heightened by immense
herds of Buffalos, deer. Elk, and Antelopes
which we saw in every direction feeding on the
hills and plains. I do not think I exagerate
when I estimate the number of Buffalos which
could be comprehended at one view to amount to
3,000.

(July 11,1806; Vic.

of Great Falls)

I arrived in sight of the white bear Islands —
the Missouri bottoms on both sides of the river
were crowded with buffalo - I sincerely believe
that there were not less than 10 thousand buffalo
within a circle of two miles around the place.
(Aug.29, 1806; Near Big Bend of the Missouri)
I ascended to the high country and from an emi
nence I had a view of a greater number of buffalow
than I had ever seen before at one time. I must
have seen near 20,000 of those animals feeding on
this plain.
It is now believed that although the total bison population
was enormous,
small,

these apparently large herds were actually many

roaming herds of 50 to 200,

hundred yards
Roe

(Haines,

1970; Roe,

often separated by several
1970).

(1970) argued that bison movements were "irregular,"
18
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moving in any direct ion at any time,

and not following any

sort of regular migration in season or direction.
(1970) described the movements as a constant,
wandering in search for fresh pasture.
numbers of bison,

Haines

but aimless

The increasing

and the necessity for more pasture,

forced

the animals to move beyond the plains; an example is the
movement of small,

marginal herds over mountain passes into

the Bitterroot Valley of western Montana

(Haines,

1970).

Despite the enormous number of bison roaming the
plains,

prairies,

extent,

early descriptions of the grasslands indicate their

good condition.
John Bradbury,

and the mountain valleys to a much lesser

Roe

(1970,

p.354) cited the testimony of

an English naturalist,

who made observations

of both bison and grassland in 1811 near Bismarck,

N.O.

:

...we saw before us a beautiful plain, as we
judged, about four miles across, in the direc
tion of our course, and of similar dimension
from east to west... The whole of the plain was
perfectly level, and, like the rest of the coun
try, without a single shrub. It was covered with
the finest verdure, and in every part herds of
buffalo were feeding. I counted seventeen herds,
but the aggregate number of the animals it was
difficult even to guess at: some thought upwards
of 10,000.
Near Great Falls,

Lewis and Clark described "vast quantities

of buffaloe feeding in the plains," on grass that was "not
generally more than three inches high,

though it is soft,

narrow— leafed,

and affords a fine pasture for the buffalo"

(Hosmer,

pp. 291-292).

1902,

Larson

(1940) suggested that
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the true climax plant community of the Great Plains is the
short grass,

which was maintained in equilibrium with the

proliferation of the bison.

As evidence he cited the fact

that the Great Plains supported millions of wild grazing
animals.

He argued that the role of these animals in the

maintenance of the stable grassland ecosystem must therefore
be considered.
states that,

While citing cases of local overgrazing,

he

"The grass never failed to become erect after it

had been trodden down and although it was short,
and straight as

it was fresh

before."

Bison thrived on the Great Plains for thousands of
years,

steadily increasing in number,

and having apparently

little difficulty finding rejuvenated grasses in their range.
Later,

this phenomenon was observed by Soper

(1941) at the

Wood Buffalo Park in Alberta :
Grazing, as presently observed, has only very
moderate effect upon the feeding areas. The
hardy vegetation springs afresh year after year
with no sign of depreciation; the luxuriant
abundance of forage keeps pace with, or far ex
ceeds the rate of consumption. Failure of wild
herbage is regionally unknown... observations
lead to the belief that in some instances, at
least, grazing areas are not fed over by the
herds with equal intensity during successive
seasons.
This ecological balance between grazing animal and grazed
forage is not unique to bison,

but rather to the grazing

behavior of unmanaged herd animals.
millenia,

herd animals grazed,

Throughout the

trampled,

and fertilized the
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grasslands.

The Serenget i Plain in Tanzania has been grazed

for millions of years by very large populations of wild
animals,
1976).

yet there are no signs of overgrazing
Lundholm

significant
movements,

:

<1976)

(Lundholm,

finds the movements of grazing herds

"They slowly describe large circular

covering a uniform area a few times...

grazing is good,

the herds move slowly,

If the

and if the grazing is

poor they cover the ground more quickly."
The equilibrium established between the herds of bison
and other wild herbivores,

and the grasses of the plains was

significantly altered with the dramatic disappearance of the
bison,

and the introduction of domestic livestock.

were hunted for food and clothing from about

Few bison

1730 to 1830.

The systematic destruction that dates from 1830 was the
result of demand for robes,

hides,

tongues,

and later,

deliberate political and military policy (Roe,

1970).

as
It is

estimated that the population of 60 million bison which once
existed was reduced to 40 million by 1800,
1850,

20 million by

and 800 by 1895, with as many as 4.5 million killed

one year

(Seton,

In 1540,
territory that

in

1927).

Coronado brought livestock from Mexico into the
is now the southwestern U.S..

Later

introductions of livestock were made in Florida,
and northern Mexico

(Costello,

1964).

California

McArd1e et al.

(1936)

noted that those settlers who crossed the western plains as
21
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late as 1858 probably saw the grasslands in the same "1u s h "
condition as Coronado saw them three centuries earlier.
Barnes

(1913,

p.226) noted that,

stockmen came into the West,
country for their stock.

"When the first settlers and

they found an almost virgin

As far as the eye could reach

stretched billowy prairies covered with grasses..."

Whether

the grasses which the settlers found were luxuriant or not,
it seems certain that the grasslands were largely able to
maintain their vigor under grazing by bison and other
grazing animals,

providing the massive numbers of livestock

which were to follow at least a few years of highly
nutritious,

palatable forage.

There was a tremendous growth in numbers of livestock in
the 1800s,

as they occupied the grasslands of North America

in great droves,
1936).

without fences,

corrals,

(Stewart,

Cattle industries were established first in the

Pacific Coast states and the Southwest,
territories became crowded,
into vacant,
(Barnes,

or feed

cattle were driven east and north

"open range" of the Rocky Mountain states

1913; Farr and Toole,

1875 to 1886,
from Texas,

and as range in those

1978; Stewart, 1936).

From

large herds of cattle were driven into Montana

California,

Oklahoma,

and Oregon

(Farr and Toole,

1978).
Large numbers of sheep were introduced to open ranges
which were already fully used by cattle,

creating resentment

and confrontât ion with the cattle industry,

and causing

22
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further exhaust ion of the range forage

(Stewart,

1936).

Approximate sheep numbers in Montana for the years 1875,
1890,

and 1910 were 60,000,

2.2 million,

and 5.4 million,

repeat iv e 1y ;

Approximate cattle numbers for those same years

were 309,000,

1,1 million,

(Montana,
By 1910,

Dept,

and 900,000,

of Agriculture,

respectively

Labor and Industry,

1946).

extensive buying and leasing of rangeland meant the

end of the open range,
winter feeding

leading to more fenced ranges and

(Fletcher,

was then organized,

1969).

1928).

declined dramatically,
slightly,

as it

was unable to adapt to the new

development of fenced ranges
Labor and Industry,

The sheep industry,

(Montana,
By 1920,

Dept,

of Agriculture,

sheep numbers had

while cattle numbers increased

to approximately 2.4 million and 1.4 million,

respect ively.
With the passage of the 321 acre homestead law in 1909
and the 640 acre law in 1916,
increased,

homestead settlement rapidly

limiting access of the livestock industry to the

public domain lands,
disturbance.

but contributing greatly to ecological

In Montana,

plowing turned grassland under for

crop production; there were a few years of adequate rainfall
and production,
the topsoil,
(Montana,

but the drought of 1917— 1919 dried much of

and it blew away with no grass roots to hold it

DNRC,

1983).

The result was an increase in weed

cover on much of the land,

and many bankrupt homesteaders

23
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(Montana,

Dept,

of Agriculture,

Labor and Industry,

1928).

Montana ranges became even more heavily stocked with the
aid of improved facilities for transporting the livestock:
The Northern Railroad in 1880; the Northern Pacific in 1882
and 1883; and the Great Northern In 1887

(Montana,

Agriculture,

Labor and Industry,

With that

development,

trail drives from the southwest declined.

1928).

Dept. of

The

railroad companies received land grants , entailing large
areas of rights—of—way,
into the Northwest

from the government for expansion

(Galbraith and Anderson,

1971).

The

railroad generally enhanced the expansion of agricultural
industries, mining,

logging,

Pieton and Picton

and settlement.

(1975) described the settlement of the

Sun River valley area of Montana :

The first recorded

exploration of the upper Sun River drainage was that of the
Isaac Stevens railroad exploration party in 1854.

Portions

of the party crossed the lower Sun River and reported
observing deer,

antelope,

bighorn sheep,

and an "almost

inconceivable" number of bison.

Hunters shipped 36,000 bison

hides from Fort Benton in 1857,

increasing to 80,000 in 1876,

and declining to none by 1884.

"The first herd of 300 cattle

was moved into the Sun River valley by the American Fur
Company in 1862.

By 1868 an estimated 3,000 head of cattle

ranged the foothill region of this drainage... Additional
cattle were moved into the * livestock paradise*
foothill region in the 1870’s . T h e

’bonanza*

of the
phase of

24
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ranching began to come to an end in the winter of 1886-87
when most big cattle outfits lost 50— 70:6 of their cattle.

The

foothills area showed signs of overgrazing by cattle and
sheep by 1890."

Augusta,

Choteau,

Falls grew rapidly in the 1880s.
accelerated to provide lumber,
for the growing towns.

and particularly Great
Logging activity

railroad ties,

and firewood

It was estimated that about

100,000

railroad ties were cut during the 1880s and 1890s in this
area.
The Sun River valley area has a serious Ueed problem
today.

The Lewis and Clark County Weed District,

contains a portion of the valley,

which

receives about 400 requests

per year to control noxious weeds by herbicide spraying where
landowners fail to provide control measures
and Clark County Conservation District,

(Montana,

1985).
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Lewis

CHAPTER 5
RANGE MANAGEMENT AND LAND CONDITION

Clapp

(1936) reported that western range depletion was

"so nearly universal under all conditions of climate,
topography,

and ownership that the exceptions serve only to

prove the rule."

(Figure 6).

Over 100 million acres of

rangeland had been so badly abused by 1936 that most of the
topsoil was gone.

Studies in Montana,

Colorado,

and Utah

indicated it would take 20 to 50 years to restore the native
cover

(Watts,

1936).

The dry,

bare soil

left behind was

colonized by less palatable forage and weeds.
was recognized by Jared G. Smith,
agrostologist, in the late 1800s.

This condition

a U.S. Dept, of Agriculture
In an 1899 report,

Smith

listed consequences of range détériorât ion, and among them
was the invasion of "a vast number of rampant weeds which are
not eaten by any grazing animal"
Arthur W. Sampson,
Agriculture,

(Lewis,

1969).

In 1919,

a plant ecologist for the Dept,

wrote a report entitled,

Relation To Range Management."

of

"Plant Succession In

In that report, Sampson

recognized the nature of ecological succession resulting from
misuse of rangeland,

and the role of grazing

in manipulating

succession to achieve healthy grassland communities and
productive livestock.

He suggested that grazing too closely

and before grass seeds matured,

on a regular basis,

often

results in "retrogression" of the plant community to a
26
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MMMMT

FIGURE 6 . Degree and extent of forage depletion on rangeland,
1933.
(McArdle et a l . , 1933).
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"first—weed stage" of predominantly shallow—rooted annuals,
and eventually into a "second—weed stage" of aggressive,
drought—resistant, short-lived perennial
In 1936,

M c A r d le et al. reported that

grasses and weeds.

"the plant cover in

every range type is depleted to an alarming degree... Many
valuable forage species have disappeared entirely.
plants are being replaced by unpalatable ones.

Palatable

Worth less and

obnoxious weeds from foreign countries are invading every
type."

They noted that short grass was the largest of the

range types,

covering 198 million acres,

a large proportion

of which were “replaced by weeds and shrubs of low
palatabi1ity."

Smith

(1940) defined three classes of plant

species which decrease,

increase,

or invade rangeland,

depending on their behavior in response to continuous
grazing.

Dyksterhuis

(1949) described decreasers and

increasers as species of stable plant communities.
<e.g., weeds) originally occupied small,
as mounds of burrowing animals,

Invaders

disturbed areas such

but overgrazing "has since

permitted them to occupy entire landscapes,

where they are

now often associated with species not native to North
A m e rica."

In 1964,

Costello expressed

"An Ecological

U r g e n c y , " citing the progressive détériorât ion of rangelands
with the introduction of exotic grasses and weeds as the
motive for a greater emphasis on acquiring knowledge of
ecology for the purpose of directing and controlling
secondary succession,

in order to achieve ecological and
28
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economic stability.
In regard to the grasslands of eastern Montana,

Toole

(1959) noted that although the grasses were technically
"short grass," there was a day when the grass "rolled in the
wind like a sea," carpeting the plains,
two in height ; but sheep,
the "lushness."
Station,"

1902,

grasslands:

cattle,

sometimes a foot or

and the plow put an end to

The "Annual Report of the Montana Experiment
included a personal account of the Montana

"Many an old timer has told me that on the

benches of the Judith Basin the bunch wheat grass nearly
covered the ground,

and they thought nothing of riding across

the country with their feet dragging in the grass...
none of our range grasses have been exterminated,

Perhaps

but on

account of the close feeding and tramping of stock they have
been so reduced in quantity as to be almost absent in some
places"

(Fletcher,

1969).

Forage depletion was substantial

in the forest meadows of Montana as well.
(1936)

found that

McArdle et al.

important alpine meadow grasses had given

"way to weeds of low palatabi1ity," and that ponderosa pine
forest meadows were losing wheat grass,
bluegrass to downy chess
From 1933 to 1940,

(cheatgrass)

Idaho fescue,

and

and "inferior weeds. "

the accumulated effects of widespread soil

disturbance increased the severity of drought conditions,
large areas of the Montana prairie resembled a desert
(Montana,

DNRC,

1983).
29
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and

The maps of French and Lacey

(Figure 1) show that

spotted knapweed spread over a substantial area,
about 1940,

from pockets in western Montana to most of

western and central Montana by 1980.
Hanson and Rudd

(1933)(Figure £),

(Figure 3), and Lacey et al.

established by 1979.

(1985)(Figure 4)

Dunn

the maps of
(1970)

show leafy

1933, and becoming

Hanson and Rudd noted in 1933 that,

there are small patches,

distributed."

Similarly,

Reed and Hughes

spurge spreading into Montana about

Montana,

beginning

"In

widely but not generally

(1979) found that leafy spurge is

rendering a significant economic impact in 28 counties in
Montana,

including Judith Basin and Lewis & Clark counties,

areas which have been described above as having experienced
serious land disturbances in the days of early settlement.
In the forests of Montana,

weeds have spread from the pockets

reported by M c A r d 1e et al.

in 1936 to thousands of acres

today.

In the Lolo National Forest,

affecting production
wildlife;

(e.g.,

for example,

weeds are

loss of forage and habitat for

reduction in conifer seedling establishment)

nearly a quarter million acres,
occurring on about 205,000 acres

of

with spotted knapweed
(Spoon et al., 1983).

The

severe drought of 1933 to 1940 may have triggered the rapid
spread of spotted knapweed and leafy spurge into areas where
the soil had already been weakened by destructive livestock
grazing,

dry farming,

activities in general.

mining,

logging,

and settlement

Studies have shown that some range
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

grasses which have been overgrazed are not
drought to any great extent
and Bedell,
result

1981),

(Coupland,

likely to survive

(Albertson et al.,

1957; Ganskopp

and are often taken over by weeds as a
1956).

But,

it has also been suggested

that ungrazed plants succumb to drought more readily than
those that are moderately grazed,

because of lower

transpirât ion and soil moisture conservation of the
moderately grazed plants

(Costello and Turner,

1941).

All

observations indicate that plant species are differentially
affected by both grazing and drought.
ecological

In any event,

the

balance between grazing animals and grasses of the

time of the bison had been seriously and increasingly
disrupted.
In the early 1900s some attention was directed toward
ecological relationships in the grasslands,

leading to

concepts of range management which included rotational
grazing and range rest
Watts,

1936).

extent today,

But,

(Heady,

1980; Stoddart et al., 1975;

the major emphasis then,

was on the notion of overstocking and

consequent overgrazing of rangeland.
has been made,

and to some

range management

grazing pressure

(e.g.,

Jared Smith stated that,

Where this assumption

is oriented to relieving

lighter stocking; rest).

In 1894,

"The one great mistake in the

treatment of cattle ranges,

the one which always proves most

disastrous from a financial standpoint,

is overstocking"
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(Stoddart et al.,
perspective:

1975).

Sampson

(1919) expanded that

"The carrying capacity of a large portion of the

millions of acres of western range has been materially
decreased by too early grazing,
faulty management."
available forage,

overstocking,

and other

While factors such as time of grazing,

distribution of livestock,

and others were

cited in 1936 as contributing to range deterioration,
emphasis on stocking remained.

Talbot

the

(1936) stated that,

"Most range deterioration can be traced back to the attempt
jto graze more animals than the land can safely support from
year to y e a r . "

In referring to the early stockman,

Clapp

(1936) stated : "Lacking a sound basis for judging grazing
capacity he has overstocked the range almost from the start.
How else explain the depletion of the range as a whole by
more than half?"
Chapline

(1936)

In his report

"Excessive Stocking, "

found that western rangelands in the

aggregate had deteriorated by 52 percent, and that,

"No other

explanation for this depletion than excessive stocking and
overgrazing in their various forms can be deduced from the
evidence at hand."

In the same report, Chapline noted that

even on good short— grass range in eastern Montana,

low

production of, and poor development of calves clearly
indicated overstocking.

Under such conditions, he proposed

that a "drastic reduction in livestock of one-fourth,
half,

one-

or even three— fourths may be necessary to check further

détériorât ion and start recov e r y . "
32
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Since 1936,

much research has been conducted

in which

the notion of "moderate" grazing has been tested in order to
determine the proper degree of forage utilization.

The term

"moderate" has been given different meanings among the
various studies,

but has frequently meant approximately 40-50

percent utilization of current growth on a given range site
(Duvall and Linnartz,
Costello,

1960).

1967; Johnson,

1966; Klipple and

The destructive effects of overgrazing were

generally conclusive,

but studies began to show that the

protection of rangeland from grazing also had some
undesirable effects,
optimum,

"moderate" degree of grazing

Stephenson,

1983; Marquiss and Lang,

Reardon and Merrill,
that

and that there appeared to be an

1976).

(Holechek and
1969; Pearson,

Costello and Turner

1968;

(1941)

found

in a series of 139 protected and adjacent grazed areas,

86 percent of the protected areas had a greater density of
vegetation than corresponding grazed areas,
a greater density of weeds.

but this included

Lacey and Van P o o l 1en

(1981)

reviewed twelve studies in which moderate grazing was
compared to no grazing,

concluding that,

"Western ranges

produce more herbage under protection than they do under
moderate livestock grazing."

The question of the response of

forage to the degree of grazing seems complex,

particularly

when comparisons are attempted among vastly different
grassland ecosystems,

range conditions,

and grazing systems
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within the western rangelands.
Three aspects of
basis

range mangement seem to prevail as a

for designing grazing systems: stocking rate,

and rest.

These factors are often manipulated

achieve some moderate degree of grazing,

timing,

in order to

with the ultimate

goal of maintaining or improving production of forage and
livestock.

Stoddart et al.

(1975)

identified the various

grazing systems commonly employed in range management :
Deferred means delaying grazing,

usually until the important

range

plants have set seed; Rotation involves dividing the

range

into land units which are grazed in regular succession,

allowing deferment or rest of plants in those units not being
grazed;

involves deferment of grazing on

one unit during one or more years,

then by rotation the other

units are deferred; SSSjïrCS^âÈJLSD usually means giving one
unit rest for an entire year,

as opposed to the delayed

grazing in deferment, and rotating grazing and rest among
units.

In regard to these grazing systems,

(1975) concluded that they result

Stoddart et al.

in better distribution of

livestock and better utilization of forage than continuous
grazing in general, but that the effects on vegetation are
less clear.

In a survey of the literature pertaining to

grazing systems.

Heady (1980) reported much variation in

results of rotational grazing compared to continuous grazing.
There were many studies in the survey that commonly found an
improvement

in range condition

(e.g.,

plant density increased
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and undesirables decreased ; climax grasses increased) as a
result of rotation.

But several studies had not shown

improved range conditions for rotation versus continuous
grazing.

Driscoll

(1967) reviewed 29 studies which included

livestock responses: Twelve studies favored continuous
grazing,
rotation.

nine showed no difference,

and eight favored

These studies concerning grazing and plant

responses indicate that

information is abundant, but varied.

35
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CHAPTER 6
GRAZING AS A TOOL FOR RANGELAND IMPROVEMENT

The variation in success of different grazing systems in
research is reflected in practical ranching operations where
weeds have become established and are spreading.

Emphasis

should perhaps be removed from the notion of the need for
moderation,

to the idea of intensive grazing as a means of

stopping the spread of weeds,
populations,

reducing existing weed

and improving rangeland in general.

Lessons may

be found by recalling that enormous numbers of bison
coexisted with healthy range grasses for thousands of years.
Early accounts of the prairies show little evidence of weed
invasions.

McNaughton

(1979) stated that

standards of overgrazing,
ungulates and forages,

"Traditional

clearly applicable to domestic

may have slight application to an

ungulate fauna and its forages which are products of a long
coevolutionary history."

He believes that grazing may be

viewed as an "optimization process," and listed several
benefits to grazed plants from an ecologically sound degree
of h e r b i vory:
1. Increased photosynthetic rates in residual
tissue;
2. Reallocation of substrates from elsewhere
in the plant ;
3. Mechanical removal of older tissues function
ing at less than a maximum photosynthetic
level;
4. Consequent increased light intensities upon
36
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5.
S.

7.

8.
9.

potentially more active underlying tissues;
Reduction of the rate of leaf senescence, thus
prolonging the active photosynthetic period of
residual tissue;
Hormonal redistributions promoting cell divi
sion and elongation and activation of remaining
meristems, thus resulting in more rapid leaf
growth and promotion of tillering;
Enhanced conservation of soil moisture by
reduction of the transpirât ion surface and
reduction of m e s o p h y 11 resistance to stomatal
resistance;
Nutrient cycling from dung and urine;
Direct effects from growth promoting substrates
in ruminant saliva.

Plants that have evolved to withstand,
compensatory growth

and produce

in response to grazing by large numbers

of wild ungulates over long periods of time,
well to prolonged periods of rest,
grazing,

may not adapt

light stocking and

or even various forms of moderate grazing.

Serenget i National Park,

In the

primary productivity of grasslands

has been shown to continue without being adversely affected
under intense grazing,

indicating that the Serenget i

ecosystem constitutes strong selection for plants which
utilize the benefits of optimal herbivory for compensatory
growth

(McNaughton,

Larson

(1940)

1979).

This idea parallels that of

in regard to maintenance of the short grass

"climax" vegetation of the Great Plains which was "grazed
heavily" by bison and other wild animals.

Heady (1975)

suggested that resting of range for a full year may not
produce the best forage since grazing by wild ungulates in
the course of grassland evolution probably "left no area
37
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ungrazed for a complete cycle of seasons. “
The terms "light," "moderate," and "heavy," grazing are
relative and subjective.

Based on the numbers of bison and

the duration of their grazing on the Great Plains,
" intense," or "intensive" seems applicable;
should not necessarily imply overgrazing.

the term

But this term

In regard to weeds

or "invader" species in general, intense grazing would then
not necessarily disturb the soil or permit invasion,
overgrazing probably would result

in that condition.

while
Intense

grazing should improve the condition of depleted range if the
grazing behavior of wild ungulates in regard to space and
time is considered and simulated.
herds,

grazing uniformly,

periods of time.

or "intensely" for relatively short

In contrast,

there is a limitation on the

movement of domestic livestock,
artificially controlled.

Wild ungulates move in

and their numbers are

They are usually more lightly

distributed than a wild herd might theoretically be on a
given range,

and may then be removed from the range for a

longer period of time

(e.g.,

one year complete rest,

by deferred rest the next year).

followed

Light stocking is

particularly conducive to incomplete utilization of forage.
Laude et al.

(1957) concluded that

light stocking allows more

opportunity for selective grazing of the most palatable
plants,
plants

with consequent range détériorât ion as less palatable
<increasers)

are ignored.

They prescribed herbage

removal which is timed with regard to growth characteristics
38
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of the desired species.

Hormay

(1956) concluded that

selectivity could not be avoided with even light or moderate
stocking under continuous grazing,

and prescribed a rest—

rotation grazing plan which would provide a full year’s rest,
followed by one—half year’s rest for each range unit every
four years.

Hormay*s observations of selectivity were that

"livestock tend to regraze the same plants rather than eat
ungrazed ones.

This consistent pattern of use is the result

of the grazing habits of livestock."
studies,

In both of the above

some pi antis were overgrazed while others were

undergrazed,

and selectivity of the more palatable plants was

cited as the source of the problem.

The overgrazed plants

are eventually killed as their root reserves are depleted,
while the ungrazed plants become mature and fibrous,

progress

through a shortened life cycle because of non—rejuvenation,
and become moribund.

Stagnation of range plants can result

from lack of grazing,

and there is evidence that areas

protected from grazing may produce more if they are subjected
to the annual stimulus of grazing

(Tuel1er and Tower,

1979).

The pattern of overgrazing and undergrazing leads to range
détériorât ion,

which in light of weed proliferation appears

to be widespread today despite various rotation systems
employed.
The reasons for selection of certain plants over others
are not clear,

and the evidence supporting any of the factors
39
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that have been advanced

(e.g.,

texture)

(Stoddart et al., 1975).

is conflicting

whatever reason(s)
selected at all,
plants —

nutrient content ; taste ;

plants are selected,

For

or whether they are

the problem of overgrazed and undergrazed

incomplete utilization of available forage —

remains.
Intense grazing may provide greater utilization,
optimal herbivory of available forage,
function of space

if it is viewed as a

(i.e., stock density)

duration of grazing; time of season).

and

and time
Acocks

(i:e.,

(1966)

suggested an arrangement of multiple grazing units in which
stock density is increased for the purpose of achieving
utilization of both palatable and unpalatable plants.
Booysen and Tainton

(1978) suggested that because the

introduction of domestic livestock in place of wild ungulates
resulted in a limitation on animal movement and an artificial
control of numbers,

those two problems should be addressed

when designing grazing systems.
which manipulate numbers
and rest)
7).

They described two systems

(stocking rate)

and time (rotation

in attempt to improve deteriorated range (Figure

High utilization grazing

proposed by Acocks
individual paddocks

(1988),

(HUG)

is similar to the system

and uses high stock densities in

(units of range which are usually

delineated by fencing)

for a sufficient period of time to

"force" the animals to graze the unpalatable as well as
palatable forage.

Booysen and Tainton did not recommend this
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in c r e a s e d
l i v es to ck p r o d u c t i o n

Increased
utilization
and t h e r e f o r e
In c r e a s e d
stocking rate

i m pr ov em en t or
m a i n t e n a n c e of ve ge ta ti on
compos i tion

i n cr ea se d g r o w t h
rate of pl an ts
and t h e r e f o r e
i n c r e a s e d fo r a g e
production

o v e r u t i l i z e less
p r e f e r r e d pl an ts
(
^

hi gh u t i l i z a t i o n
g r a z i n g (HUG)

FIGURE 7.

(Beck,

underutlllze
less pr e f e r r e d
pl an ts ^

high p e r f o r m a n c e
g r a z i n g (HPG)

1980; Adapted from Booysen and Tainton,

1978.)
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system for the more fragile,

arid grasslands,

and there is

evidence of stress on both animals and plants as a result of
implementing the system
grazing

(Barnes,

1979).

High performance

(HPG) attempts to achieve optimal utilization of

desired species

(decreasers), and deliberate nonuti1ization

of less acceptable species
become moribund.

(increasers) to cause them to

HPG uses the idea of Acocks

(1966) to

employ a relatively large number of paddocks through which
livestock are moved in a fixed rotation,

or,

to particular

paddocks depending on forage conditions at the moment.

It

deviates from the more convent ional, fixed rotation systems
by incorporâting flexibility into stocking rates,
factor

(grazing period and rest period),

the time

and the grazing unit

to which the livestock will next be moved.

All three factors

depend on the growth rate of the desirable species,

and

physiological processes of those species occurring at the
moment.

Scott

(1955) made the connection between rest and

certain physiological processes.

He described three critical

growth periods when grasses are particularly liable to damage
and would benefit from rest :
leaves are developing;
producing seed ;
the roots.

1.) During spring growth when

2.) when plants are flowering and

3.) when carbohydrates are transported to

Booysen and Tainton

(1978)

base the rest periods

of the HPG system on these critical periods,

and advocate the

use of rests with regard to growth of desired species in
individual paddocks and not as a matter of course.
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They

suggest that grazing periods should be calculated to prevent
grazing the regrowth of recently grazed plants,

and rest

periods should be calculated to allow recovery of grazed
plants.

The shorter the grazing period and the longer the

rest period

(provided it is not so long that desired species

become fibrous and moribund through lack of stimulation
provided by grazing) the better the system will perform.
Short duration grazing

(SDG)

places even greater

emphasis on simulating the grazing behavior of wild,
ungulates,

herding

incorporâting aspects of both HUG and HPG.

system was originally proposed by Savory
(now Zimbabwe)

(1969)

This

in Rhodesia

to improve deteriorated rangelands there.

Emphasis was placed on achieving a herd effect with livestock
by increasing their density in a paddock,
trample

allowing them to

(but not severely compact) the soil as herding

animals had done in the past.
break up soil caps,

The trampling was believed to

prepare grass seed beds,

litter of moribund grasses.

and knock down

But emphasis was also placed on

avoiding repeated defoliation of grasses within a given
paddock,

so grazing was relatively short and intense compared

to conventional rotation systems.

The grazing and resting

periods were variable depending on growth rate changes of the
grasses,

as well as any other circumstances

(e.g., drought)

that needed to be considered.
Savory

(1978)

updated the concept of short duration
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grazing by incorporâting it into a broader concept of ranch
management that

involved "hoiistleally planned,

short

duration grazing," which "simulates past game herd grazing
and possibly explains the high population of animals and
excellent range conditions found by the pioneers in both
America and Africa."

It was suggested that the thinking

behind conventional range management results in range
détériorât ion and occasionally massive expenditures to
restore productivity.

Several considérât ions were outlined

in regard to grazing :

Sail sâBBina
Where disturbed soils have become exposed,

a cap is

often formed on the surface as a result of the breaking down
of the soil crumb structure by hard rainfall.

This cap needs

to be broken to facilitate water infiltration and advance
plant succession.

Trampling by livestock can break soil

caps.
Qverar^^ing
As wild herds move,

so livestock should be kept moving

to avoid too severe and/or too frequent grazing in the
growing season.

It is usually individual plants

entire range) which are overgrazed,
moribund,

(not the

while others become

leading to a general détériorât ion in range

cond it ion.

SYScmtsskina
Overgrazing has generally been considered to be the
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result of overstocking,

but strategic stock increases can

improve the range and enhance economy.
SQimal Habits and Performance
Animals should be allowed to select plants.

The higher

stock density promotes better utilization of select plants,
as well as hoof action on soil and plants.
are moved relatively often to fresh grazing,

But the animals
thereby

preventing overgrazing and non-select ive grazing,
result

which could

in a decline in animal performance.

Rest was also been identified by Savory
element

in short duration grazing.

(1978) as a key

The number of paddocks

and the grazing period of the herd in each paddock will
determine the rest periods of the paddocks.
paddock is grazed for 1 to 15 days,
days,

Generally,

a

and rested for 20 to 60

according to the description of the method in 1978.

The method was said to be effective in a broad range of
climatic and topographic conditions,

as well as in a size

range of ranching operations.
Short duration grazing has been used in Africa to
improve rangeland which had been considered irreparable
(Goodloe,

1969).

In Texas,

it has been shown to promote more

growth and aboveground net primary productivity of forage
(Heitschmidt et al.,
of forage

1982a),

and higher percent crude protein

(Heitschmidt et al.,

ungrazed forage.

1982b) when compared to

Heitschmidt et al.

<1982c) concluded that
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"a p p r e c i a b 1y greater"

livestock densities may be

satisfactorily supported by SDG as compared to conventional
grazing schemes.
(1984)

In a conflicting study,

Ralphs et al.

found that short duration grazing in Texas may provide

better utilization of forage,

but does not increase forage

production or carrying capacity of rangelands.
Since 1978,

Savory has refined the concept of SDG,

referring to the current concept as the "Savory Grazing
M e t h o d " <S G M ).

This method is an aspect of "holistic

resource management"

(HRM>, which perceives ranching as

natural resource management rather than focusing on grazing
systems.

HRM is a broad-reaching resource management

approach that combines many proven concepts in a relatively
new format.

Formal

information pertaining to HRM/SGM is

primarily available via workshops and newsletters of the
Center for Holistic Resource Management,

Albuquerque,

New

Mexico.

Select information obtained from these sources,

related,

cited sources,

is presented below,

and

as the concepts

of HRM/S6M seem particularly applicable to the weed problem
in Montana.
The HRM model can be applied to facilitate logistics and
organization in keeping the weed problem minimal.

It

requires the identification of production and land
description goals which are desired,
tools

followed by the use of

(e.g., rest; the grazing a n i m a l ; fencing) to achieve
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the goals.

The tools can be used to improve the condition of

water and mineral cycles,
desired successional
be attained.
controlling,

and energy flow,

level

(i.e.,

so that the

dense grass community) can

The model entails planning,

monitoring,

and replanning of land management.

A production

goal should be the first step in planning the management of
land where leafy spurge or knapweed has had undesirable
effects.

Common production goals that require a reduction in

weed populations may include a general maximization of
income,

or improvement of livestock production,

habitat,

recreational opportunities,

description goal is the second step.
vigorous,

wildlife

and aesthetics.

A land

It may identify the

dense grassland community which is necessary to

eliminate the dominance of weeds in the community,
achieve the production goal.

and to

Eradication of weeds is not an

attainable or desirable goal as it ignores the role of weeds
in a complex ecosystem.
p r o 1 ifê r ating rapidly,
real problem

(i.e.,

It is only where weeds are
as they are in much of Montana,

an unhealthy ecosystem) exists.

According to the HRM model,
"ecosystem blocks"

that a

(i.e.,

an understanding of four

"building blocks") is necessary

before the proper tools can be applied to the problem.
Ecological succession represents the first ecosystem block.
dense grassland community having a variety of grasses and
forbs is possible in a"brittle environment"

(i.e., an

environment characterized by an erratic growing season) only
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A

in the presence of herding ungulates,
depend.

upon which the plants

The complete removal of wild,

herding ungulates,

their replacement with domestic livestock,

may result

and

in a

shift of succession away from a healthy grass community to a
weed— dominant community,

unless the grazing behavior of the

livestock is similar to that of the wild animals.
Water cycling,

the second ecosystem block,

is adversely

affected where plant cover has disappeared through
overgrazing and undergrazing,

or other land uses such as

plowing for development or logging.

Under such conditions,

there is less biomass to retain water,
runoff and evaporation.

resulting in rapid

A dense grass community absorbs 8 or

9 times more water than bare ground

(Montana,

DNRC,

1983).

Where bare soil has been capped by hard rainfall there is a
decrease in infiItration,
loss

(Stallings,

1952).

and increases in runoff and soil
Capped soil surfaces can also impair

grass seedling emergence and establishment
1982),

(Wood et al.,

and may lead to a permanent plant cover of lichens,

mosses and algae

(Anderson et al., 1982).

Loss of topsoil or

capping may prevent further establishment of any grasses or
forbs

(Ellison,

still

intact,

bare and dry,

1960).

Where crumb structure of the soil is

but the soil has been recently disturbed and is
drought—resistant weeds,

with deeper roots,

have an opportunity to colonize at the expense of grasses by
capturing water deeper in the soil.

Animal

impact in the form
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of hoof action loosens the soil surface,
moribund plants and mulch,
CHolechek,

1380).

knocking down

and trampling seed into the ground

Water infiltration in soil

is improved by

breaking soil caps and laying down mulch and litter.

Water

effectiveness for plant growth is enhanced by better aeration
of the soil.
Mineral cycling,

the third ecosystem block,

is disrupted

in disturbed soil as there is less or no plant litter
available for decomposition,

and less water infiltration to

carry

minerals to roots of remaining plants. Weeds

such as

leafy

spurge and spotted knapweed are able to capture

minerals below the grass root zones with their taproots.

The

condition of poor mineral cycling closer to the soil surface
is therefore desirable to these weeds as it inhibits grass
development.

Appropriate

hoof action may result in a more

rapid

return of nutrients to the soil for new plant

growth.

Also,

livestock return some nutrients from digested

plants to

the soil for recycling.

About 60—70 percent of excreted

nitrogen and 80— 90 percent of potassium is voided as urine
and is freely available,
more slowly available,
factors

(Snaydon,

while the remainder is dung which is

depending on composition and digestion

1981).

It is suspected that the saliva of

livestock has growth promoting effects.
(1972)

Reardon et al.

found that forage yields of sideoats grama plants were

consistently higher after clipping and receiving bovine
saliva.
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Energy flow is the fourth ecosystem block that

is

disrupted by land disturbance and weed proliferation.
et al.

(1982) stated that,

optimum level,

Dyer

"if herbivore pressure exceeds the

there is obviously more energy flowing from

the plants than can be compensated.

fit this point those

plants that produce more deterrents should be more fit than
their neighbors that have insufficient defenses... With
relaxation of herbivory there should be an invasion of plant
species that

lack these defenses against grazing,

and

possibly the invaders should replace or dominate the native
taxa that continue to expend energy to produce antiherbivore
de f e n s e s ."
lower,

Partial defoliation of older,

top growth,

allows

younger leaves to capture more sunlight for

photosynthesis
removed,

(McNaughton,

1983).

If old growth is not

new growth is inhibited by inadequate sunlight,

which prematurely kills the plant.

Plants that are either

overgrazed or undergrazed will not efficiently capture and
utilize sunlight.

Weeds which are better suited to the

altered microenvironment will establish and make use of the
unused sunlight.
Voisin

(1961) described the improvement of grassland by

controlling the "time factor"
system.

in a flexible,

paddock—grazing

Ti.m^%grqwth rate is an important guideline provided

by the HRM model,
considérât ion.

which takes Voisin’s work into

It refers to grazing/trampling by livestock
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which is controlled by time on and time off the land relative
to dally plant growth rates during the growing season so that
overgrazing or trampling is reduced to a minimum.
Observation of shifts in succession requires careful
judgement of the conditions of the microenvironment
level of succession)

within each paddock.

(i.e.,

Management of the

soil surface is necessary to improve the condition of the
ecological blocks.

In order to make such management

feasible,

it is recommended that units of land

paddocks)

be delineated by fencing or natural boundaries

(e.g.,

rivers,

cliffs)

(i.e.,

within a grazing "cell".

the

The design

of the grazing cell takes many factors into considérât ion,
including access to water —
topography,
large ranch,

whether in a trough or river —

roads & railways,

and wildlife habitat.

there may be several grazing cells,

containing many paddocks

On a

each

(e. g., 30 to 40 paddocks).

Investment in fencing is not necessary,

but is often required

in order to achieve a desired spatial structure for effective
land management.

A radial

improving the range.

layout is often effective for

It involves the placement of a water

trough and other service facilities in the center,
paddocks radiating out from it.

This tends to keep livestock

grazing more even around the paddock,
point.

with

away from the watering

Planning of paddocks can involve various sizes,

depending on the productive capacity of the forage within
each.

(Figure 8).

Cell and paddock layout does not have to
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be radial,
habitat,

as topography,

etc-

forage conditions,

w i 1d 1ife

often require other configurations

(Figure 9).

Even large ranching operations can employ the grazing cell
layout effectively

(personal communication,

Montana rancher).

Livestock can be trained to move without stress from one
paddock to another with the sound of a whistle,
special call.

bell,

In order for this to be effective,

associate the sound with reward

(i.e.,

or

they must

fresh grazing).

Ranchers practicing SGM have proven the effectiveness of this
procedure

(personal communidations).

and rest period

The grazing period

(GP)

(RP) of an individual paddock is never fixed

through the grazing season.

These periods depend primarily

on the daily growth rate of forage,

as determined by

examination and estimates of growth for select plants and
general knowledge of seasonal growth patterns.
been determined to be generally fast,

If growth has

the livestock should be

moved relatively fast around the paddocks to make use of
fresh,

nutritious forage,

In this case,

without regrazing plants too soon.

both GP and RP are short.

generally slow,

If growth is

livestock should be moved relatively slowly

to allow for “cleanup" of old growth,
for plants to recover.

As an example,

is desired among 6 paddocks,

if RP of about 25 days

GP could be 5 days.

RP is desired among 6 paddocks,
semiarid rangeland,

and longer rest periods

If 50 days

GP could be 10 days.

30 to 90 days of rest

For

is desired for most
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T90

FIGURE 8 . Grazing cell in Arizona with actual acreage of paddocks.
(Center for Holistic Resource Management, Albuquerque, N.M.)
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FIGURE 9 . Grazing cell and paddocks in a long valley with steep rirarock walls
and water access in a stream (dotted line).
(Center for Holistic Resource
Management, Albuquerque, N.M.)

seasons.

Overgrazed plants can usually be recognized by

hollow centers,
plant.

splayed leaves,

and no litter around the

Overrested plants can usually be recognized by a

grayish color and varying stem height.

It is hard to

eliminate overgrazing of individual plants,

but it can be

greatly minimized through careful observation of plant and
soil conditions.
Some difficulties associated with the application of
SGM/HRM may relate to the following points:
—

SGM/HRM has appeared in the U.S.
is relatively untested here.

only recently and

-

Heitschmidt and Walker (1983) of Texas A & M
University question the benefits of physical
animal impact : "...it is our opinion that the
entire physical animal impact component of the
concept of ’herd effect’ has little scientific
basis as a means of significantly increasing forage
product ion... we believe that the concepts
associated with ’herd effect’ are more closely
related to livestock distribution than to physical
animal impact."

-

With regard to SGM/HRM, one Montana rancher notes
that : "You can’t go into this intensive management
without understanding the concepts" (MacÈana
Farmer—Stockman, May 16, 1985).
The concepts
involved in SGM/HRM are numerous.
Because of the
flexibility inherent in the approach, and the
variety of land use situations to which it may be
applied, those concepts often must be put together
like the pieces of a complex puzzle.

—

Another Montana rancher states: "As new users of
SGM, we have found the largest disadvantage of the
system to be that it requires intensive, diligent
management. Planning, monitoring and controlling
are not usually thought of as ranchers’ work, but
they are work and take a lot of time" (personal
communicat ion).
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—

Montana* s climate ranges from North Pacific to
desert— Xike, with a wide variety of soils and
native grasses.
The grasses of the mountain
valleys, and of the Palouse and mixed praries, have
evolved under a variety of conditions.
They have
many morphological and physiological differences.
These grasses probably respond differentially to
grazing and trampling.
SGM/HRM provides methodical
planning for flexible ranch management.
But
planning the control of weeds, for example, will
involve some complex and quite different decisions
for different areas of the state.
The lack of
experience with SGM/HRM in Montana may result in
some failure to achieve land improvement goals
under vastly different- land conditions.

Despite these difficulties with Savory* s approach,

several

Montana ranchers are finding the approach exciting and
promising with respect to improving land conditions and
economics,
ranches

as a result of some intial success on their

(Montana Farmer— Stockman. May 16,

communications).

1985; personal

The Bitterroot Conservation District

also encouraged by the approach,

and has submitted a proposal

to DNRC for testing SGM as a weed control method
Conservation District,

is

(Bitterroot

1985; personal communication).
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CHAPTER 7
WEED CONTROL WITH SHEEP

If weeds are established,

grazing by sheep in those

areas may allow for use of the weeds as forage until the
weeds no longer have root reserves to proliferate,
which grasses should recover.

The selection of weeds by

sheep has been known for some time.
U.S.

rangeland,

Barnes

(1913,

In referring to western

p.61) noted that,

"...Besides

these grasses there are many varieties of weeds,
other edible forage plants,
by sheep.

In fact,

after

lupines,

and

all of which are greedily eaten

in the higher mountain ranges everywhere

the sheep eat far more of the class of plants commonly called
weeds than they do the grasses."
<p.80) that,

He goes on to mention

"...sheep are great weed-eaters.

The Minnesota

experimental station found that out of 480 weeds in that
state sheep ate no less than 430 of them.

This fact should

always be taken into considérât ion in looking over ranges,
because a range may have little grass and still be a splendid
sheep range."
control

Johnston and Peake

(1960) used sheep to

leafy spurge in a crested wheatgrass-leafy spurge

pasture in Alberta,

Canada :

The results reported demonstrate a tenet of
range management, namely, that it is possi
ble to manipulate the vegetation of an area
by taking advantage of the differing grazing
habits of livestock.
In this study, through
selective grazing by sheep over a five-year
period, an area that was badly infested with
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leafy spurge was converted to good crested
wheatgrass pasture containing a very limited
amount of leafy spurge.
At the Montana Agricultural Experiment Station,

Landgraf

et al.

(1984) demonstrated the utilization of leafy spurge by

sheep,

concluding that :
Sheep can be classified as a biological weed
control agent since they utilize leafy spurge.
Cattle will not utilize it and chemical control
of the plant is not economical on rangelands.
So ranchers with large leafy spurge infestations
should consider the addition of sheep to their
production system in order to more fully utilize
their rangeland resource.

Cox

(1963) has demonstrated that sheep select spotted

knapweed as well.

On 40 acres of “badly infested" land,

sheep graze knapweed rosettes in May or early June,
in late summer when regrowth has occurred.
that no new knapweed seed is being produced,

the

and again

It is suspected
and there should

be a time in the future when no knapweed will be present on
the 40 acres.

Cox made note of the fact that an analysis of

knapweed leaves showed 9.6 percent protein,
equivalent to that of mixed,

cultivated hay.

which is
Spotted

knapweed plants in Montana have been shown to contain as high
as 18 percent protein in the spring,
fibrous as summer progresses
Kelsey,

Univ.

Montana).

prior to becoming more

(personal communication,

Kelsey

R.

(personal communication) has

also demonstrated that both sheep and cattle will readily eat
ensilaged spotted knapweed under normal feeding conditions.
For land dominated by leafy spurge or spotted knapweed,
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such areas can be fenced or segregated in some other manner
from healthy grassland.
paddocks,

Sheep can then be moved around those

allowing them to graze the weeds thoroughly,

making sure that they have sufficient fresh forage.

and

In

paddocks containing a more even distribution of weeds and
grasses,

common grazing by sheep and cattle may be desirable.

The common herd should be moved with regard to the growth
rate of the grass species,

since it is the improvement of the

grasses that will ultimately reclaim the land from weeds.

It

should be noted that cattle have been known to graze tender
knapweed rosettes under certain conditions
communications,

Montana ranchers).

(personal

This knowledge may best

be utilized in a flexible grazing method involving well
defined areas of varying forage species and productive
capacity.

Such a method should help determine those areas

and times when cattle are most
rosettes.
(i.e.,

Grazing that

likely to graze knapweed

is detrimental to individual weeds

exhausting root reserves)

is desirable so long as

sheep or cattle have enough fresh grazing and animal
performance is maintained or improved.
communication)

Cox

(1983; personal

has shown that sheep prefer spotted knapweed

rosettes over brome,

fescue,

and bluegrasses,

and that the

grasses are more resistant to grazing than the knapweed.
Landgraf et al.

(1984)

found that sheep select all

phenological stages of leafy spurge growth,
plants,

including mature

on which they first select flowerheads,

eventually
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leaving only a bare stem.

In pastures of light,

and heavy infestations of leafy spurge,
averages of 24, 28, and 20 percent,

moderate,

they found that

respectively,

of the

daily intake was leafy spurge.
In regard to the use of sheep for weed control,

it

should finally be noted that any operation involving sheep
must

include predation as a planning consideration requiring

careful monitoring,

control,

and possibly replanning of the

timing of grazing and the layout of grazing cells/paddocks.
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CHAPTER 8
SUMMARY

The establishment and spread of leafy spurge and spotted
knapweed is seriously affecting the productivity of rangeland
in Montana.

Significant amounts of money and effort are

currently being expended by individuals,
counties,

organizations,

and the state in attempts to control this problem.

The widespread use of herbicides has not been economical for
most ranchers or county weed districts,
be halting the spread of the weeds.

and does not seem to

Biological control with

insects is not expensive and is somewhat effective several
years after introduction of insect species.
as with herbicides,
disturbance,

But the intent,

is to attack the consequences of soil

not the causes.

Effective weed control relies

to a large extent on an understanding of the past and present
role of grazing animals in the grassland and forest meadow
ecosystems where the weeds are currently established and
spreading.

The presence and influence of bison,

particular,

had a profound effect on the condition of Montana

grasslands.

in

Their dramatic and rapid disappearance,

by the immediate introduction of domestic livestock,
the balanced coexistence of grasses and animals.
weeds rapidly became established

followed
altered

Introduced

in pockets of Montana.

extended drought from 1933 to 1940 may have triggered the
spread of leafy spurge and spotted knapweed from these
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The

pockets to areas of western and central Montana that were
already weakened by overgrazing and other activities of early
settlement,
cropland.

such as logging,

mining,

and the abandonment of

The development of extensive railways and roadways

promoted the rapid spread of weed seeds.

Today,

the weeds

are spreading further into the plains of eastern Montana.
The development of range management and rotation
grazing systems represented an increasing awareness of
ecological principles with regard to the complex
inte r r e 1ationships between grasses,
animals.
wild,

soils,

and grazing

But a careful study of the grazing behavior of

herding ungulates was never fully incorporated,

recently,

until

into the development of grazing schemes for

domestic livestock.

Such studies reveal the significance of

acknowledging the whole ecosystem,
were an integral part.

of which those animals

Domestic grazing animals can be

managed to simulate the grazing movements and animal impacts
of the herding ungulates that once roamed the same land,
continually finding rejuvenated grasses without significant
interference from weeds.
systems

(e.g.,

Some non—conventional grazing

short duration grazing; Savory grazing method)

which have been introduced to the U.S.

recently,

offer hope

for long—term land improvements by providing methods for
managing livestock in such a manner.

Cat tie can be used to

improve the condition of both soil and forage if their
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density and time of grazing are coordinated and controlled on
delineated units of land.

Under certain circumstances,

these

methods may involve increasing livestock numbers in order to
improve land conditions.

In this respect,

cost-effective weed control option.

livestock may be a

Diligent soil surface

management with the use of livestock influences water and
mineral cycles,

energy flow,

and plant succession.

The

improvement of grass communities through such management may
be achieved at the expense of weeds by altering the
ecological conditions

(shifting succession)

to the weeds*

detriment.
Sheep are an effective control for leafy spurge and
spotted knapweed.
vary in size,

Time—control grazing in paddocks which

depending on the productive capacity of the

forage they contain,

provides an effective mechanism for the

control of weeds by sheep.

In this grazing method,

sheep can

also graze in common with cattle to improve rangeland or to
maintain a healthy community of grasses and forbs,
negligible presence of weeds as a likely result.
pattern of time— control grazing,

with the
As with the

grazing in common utilizes

knowledge of past grazing by bison,

antelope,

elk and other

wild ungulates by simulating the forage selection
compatibility of those animals,

enhancing the balance of

ecosystem components.
There will always be germinating sites for weeds,
on good rangelands (e.g.,

cracks in the soil;

even

gopher mounds).
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But maintenance of grass vigor is a significant
preventing succession by weeds.
weeds must be flexible,
patches if necessary,

factor in

Planning the control of

allowing for the presence of small

but having the capability to recognize

the early signs of successiona1 shift toward weed domination,
and to stop their spread with the proper tools.
tool for weed control

An effective

is the grazing animal.
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